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COMPLETE SPECIFICATION 



MULTI-COMPONENT LONG-ACTING MEDICAMENT FORMULATION 

FOR IMPLANTATION 



We, HOECHST AKTIENGESELLSCHAFT, a corporation organized under the 
laws of the Federal Republic of Germany of D-6230 Frankfurt am 
Main 80, Federal Republic of Germany, 

do hereby declare the invention, for which we pray that a patent 
may be granted to us, and the method by which it is to be 
performed, to be particularly described in and by the following 
statement :- 
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Multi-component Long-acting medicament formulation for 
implantat ion 

The invention relates to a mu I t i -component long-acting 
medicament formulation for impl an tat ion, which contains 
biologically degradable shaped pieces containing active 
compound and shaped pieces containing no active compound. 

Pharmaceutical formulations in the form of particles or 
pellets with controlled release of active compound in 
which the active compound is present in an intimate mix- 
ture with a solid polylactide or another biologically de- 
gradable polyester and which are suitable for implantation 
are already known from British Patent 1,325,209. It is 
furthermore known, for example from European Patent 
A-25,698, that copolymers of lactic acid and glycolic acid 
can be used for the preparation of such formulations. The 
polyesters are slowly degraded and thereby release the ac- 
tive compound over a correspondingly long period of time. 

Although medicament formuLations of this type are tolera- 
ted well, they have the disadvantage that they cannot 
guarantee uniform and increasing release of the active 
compound, especially in the event of treatment periods 
lasting a long time. Rather, the active compound disper- 
sed in the matrix is released in continuously decreasing 
amounts as a result of the ever decreasing surface due to 
the gradual degradation of the implant. 

Attempts have therefore already been made to achieve a 
more uniform release of active compound by different dis- 
tribution of the active compound in the pellet or by ad- 
mixing additives which can easily be dissolved out. 
Attempts have also been made to achieve this aim by par- 
ticular geometric designs of the implant, for example by 
forming the implant as a thin film or as a hollow fiber. 



4 
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o It has been found here, however, that biologically degrad- 

o 

able aliphatic polyesters are, even after addition of 
o pi as t i c izers, still so brittle that thin films and hollow 

o 

O fibers are unsuitable for the production of implants which 

S 5 are to be deposited underneath the skin by means of an in- 

•§ f ^ jection needle with a wide-bore cannula. Such shapes of 

^ implants require the use of biologically non-degr adabl e 

o 

0) 



15 cally degradable copolymers of lactic acid and glycolic 



elastomers, such as silicone rubber, if they are not to 
break even during implantation or immediately after being 
£ 10 deposited under the skin. 

iO 

The invention relates to a multi-component implant which 

m contains at least two shaped pieces containing active 

gg compound, wherein these shaped pieces contain biologi- 

es 

CO 
CM 
CM 

■£ acid with a ratio by weight of lactide to glycolide of 

to 90:10 to 60:40, and wherein there are at least two types 

of shaped pieces, A and B, type A containing copolymers 
03 with a content of lactide which is 5 to 15% by weight 

5 20 lower than in type B. 

o 

Lactide and glycolide are, in each case, the dimers of 
lactic and glycolic acid. It is possible to use the 
pure stereoisomers or mixtures thereof. 



C 25 



Such a combination of types of shaped pieces 
means that the rate of release of the active compound can 
be controlled in an optimum manner with uniform or increas- 
ing release of the active compound over a prolonged period 
30 (up to 12 months), and the disadvantages of the known im- 
plants are thus overcome. Furthermore, the implant has the 
advantage that a so-called burst effect, in which a large 
amount of active compound is released at the start, is 
minimized . 



35 



The preparation of copolymers of lactic acid and glycolic 
acid is disclosed in EP-A-26599 and D . L . Wise et al. in 

Drug Carriers in Biology and Medicine, pages 237-270 (1979) 
Ed. G. Gregoriadif Academic, Press . 
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The implant can contain up to 20 shaped pieces containing 
S active compound, in particular 5 to 15 shaped pieces, in 

£ particular an odd number of shaped pieces, which are com- 

g bined in an arrangement in the form of a chain or sandwich- 

B 5 like. It preferably contains 1 to 7 shaped pieces of type 

oo 

B and 2 shaped pieces of type A, there being a shaped piece 
£ A Located at each of the two ends of the chain. 

o 

B The shaped pieces required for the medicament formulation 

■ mmm 

cL 10 according to the invention are in general in the shape of 

CD,, 

a cylinder with a diameter of 2 to 6 mm, preferably 3 to 
^ 4 mm, and a thickness (= height) of 1 to 6 mm, preferably 

a) 2 to 4 mm. The total length of the implant can preferably 

^ vary between 1 and 4 cm- The shaped pieces are preferably 

CO 

P> 15 prepared by a procedure in which a mixture containing the 

CM 
CM 



5 
CL 



active compound, the biologically degradable polymer or 
copolymer and other suitable additives, such as lubricants, 
^ is punched between ^the flat dies of a tableting press. 

TO 

CO 

ni 20 The release of active compound from the shaped pieces of 

i£ the implant can be considerably influenced by various 

parameters. An increase in the molecular weight of the 
polyester delays its degradation and the release of the 
active compound. Within polymers and copolymers of poly- 
25 lactic acid and polyglycolic acid, the rate of degradation 
increases from po ly-L-l a c t i c acid via pol y-DL- I ac t i c acid 
and polylact ic/glycol ic acid up to polyglycolic acid, at 
the same molecular weight. An increase in the amount of 
active compound in the shaped piece increases the rate of 
Crr^' ^0 release, as does the addition of plasticizers or additives 

which can easily be dissolved out. The release of active 
compound can likewise be accelerated by increasing the 
number of shaped pieces or increasing their surface area. 
On the other hand, an increase in the pressing pressure or 
35 a treatment of the pressed tablets by applying increased 
temperatures has an inhibiting effect on the release of 
the active compound. 

The average molecular weight (Mn) of the copolymers to be 
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used can vary between 10,000 and 30,000, and the poly- 
dispersity can vary between 1.5 and 2.5. The shaped 
pieces A and B can be attached together by adhesive before 
administration; suitable adhesives for this are those 
which are biodegradable, such as cyanoacry I ates, for 
example methyl, ethyl or butyl cy anoac r y I a te . 

It is possible by carefully matching the composition of 
the shaped pieces containing active compound to control 
the release behavior of the active compound implants in 
such a way that the duration of release can be varied 
depending on the nature of the active compound. 

In a further embodiment of the invention, it is possible 
for the implants according to the invention to contain 
shaped pieces which are of type C, contain no active com- 
pound and can be inserted between the shaped pieces con- 
taining active compound described above. These shaped 
pieces can be used to improve the release behavior of the 
implant over a prolonged period. The shaped pieces of 
type C are expediently composed of the same copolymers 
as described for shaped pieces A and B containing active 
c ompound . 

The copolymers of shaped pieces C can contain 50 to 70% 
by weight Lactide and 50 to 30% by weight glycolide. 

The active compound content in the shaped pieces A or B 
varies between 20 and 80% by weight relative to the 
weight of the shaped pieces, the active compound content 
in the shaped pieces A preferably being 5 to 15% by weight 
lower than in shaped pieces B. 

The shaped pieces A, B or C, in particular the shaped 
pieces C, can contain inert fillers which facilitate the 
compression of the shaped pieces during their manufacture. 
Examples of such materials are MgC03, MgO, CaC03 and CaHP04 
The proportion by weight of these materials in the shaped 
piece C can be between 30 and 50% by weight. 
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g The implants according to the invention can be used, in 

o 

™ particular, in veterinary medicine, but are also suitable 

■g for use in human medicine when it is necessary to guarantee 

q a uniform or increasing concentration of medicament in the 

g 5 organism over a prolonged period of time. Such long-acting 

S : implants are suitable, in particular, for hormonal disorders, 

it for cancer treatment, for the treatment of infections, cir- 



o culatory disorders and mental handicaps, and for birth 

° cont ro I . 



cL 10 

CD i - . 

£C.';? In veterinary medicine, such implants can be used for the 

o 

to treatment of deficiency states (vitamin and trace element 

g> deficiencies), chronic infections (long-term administration 

cn of ant i- infect ive agents), ecto- and endoparas i toses and 

to 

po 15 impaired function or faulty regulation of endocrine organs 



03 




(hormone replacement), as well as for uniform release of 
substances or hormones, especially those which influence 



03 

n 

-o growth. 

c 

JTvJ 

cz 

M 20 Natural hormones, such as 17 f3-estradiol and/or testosterone 

2* or their esters, as well as synthetic hormones, such as tren- 

bolone acetate or resorcylic acid lactone (zeranol), sig- 
nificantly influence the growth of calves if they are ad- 
ministered in the form of the multi-component implant ac- 
25 cording to the invention. Since the implant can release 
the active compound over a period of 3 to 12 months, de- 
pending on the properties of the shaped pieces selected 
for this, only a single implantation is necessary for esch 
animal, in contrast with the known implants. 



O 30 



The following active compounds can preferably be employed: 
steroids or other substances with an anabolic effect, such 
as trenbolone, zeranol, 1 7B~e s t r ad io I , testosterone, pro- 
gesterone or combinations thereof, peptide hormones or sub- 
35 stances which release peptide hormones, such as somatotropin, 
somatotropin-releasing hormone or go nadotropin- re leasing 
hormone . 

The finished implants are deposited directly underneath 
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the skin with the aid of a commercially available implan- 
tation unit. 

The following examples serve to illustrate the invention. 
Examples 

a) Preparation of the copolyners of lactic acid and 
glycol i c ac id 

The commercially available dimers lactide and glycolide, 
of lactic acid and glycolic acid respectively, were re- 
crystallized three times from ethyl acetate and then 
dried at 60°C for 24 hours. For the 80/20 copolymer, 
4 g of the L(-)lactide and 1 g of the glycolide were 
introduced into a predried polymerization tube (Quickfit 
7 MF 24-3), together with 0.03% by weight of tin octano- 
ate and 0-01% by weight of lauryl alcohol, both dissolved 
in hexane. 2.5 g of each of the dimers were used for the 
50/50 copolymer. 

The reaction vessel was heated under reduced pressure 
in a silicone oil bath at 200°C for 4.5 hours, stirring 
with a magnetic stirrer. 

The reaction mixture was then cooled; the resulting 
copolymer was stored in a desiccator at room temperature. 

The copolymer (80% by weight lactide, 20% by weight 
glycolide) had the following properties: molecular 
weight Mn: 22,470, pol yd i sper s i t y : 2.26. The copoly- 
mers with a different I a c t i de / g I y c o L i de content were 
prepared in the same way. The copolymer with 70% by 
weight lactide/30% by weight glycolide had a molecular 
weight Mn: 16,900 and a polydispers i ty : 1.76. 
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b) Manufacture of the shaped pieces 
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For the shaped pieces containing active compound, 
180 mg of 17 B-estradiol were mixed with 120 mg of 80/20 
L a c t i de/ g I y c o I i de copolymer and dissolved in acetone. 
The solvent was then removed by distillation in vacuo. 
Tablets were manufactured from the resulting material 
using a tableting press. The shaped pieces containing 
no active compound were manufactured analogously. 

c) Biological examples 

Implant I 

The implant was composed of 5 shaped pieces in the 
form of cylindrical tablets containing active compound: 
3 tablets had a higher content of active compound 
(type B) and had a diameter of 4 mm and a thickness 
of 2 mm. The other 2 tablets had the same dimensions 
but a lower lactide content (type A) and were combined 
with the tablets of type B in an arrangement in the 
form of a chain in the sequence: ABBBA. 

The tablets B had a copolymer content of 40% by weight 
with a lact ide/glycol ide ratio of 80/20 and a content 
of 17 B-estradiol active compound of 60% by weight. 
The tablets A were composed of 50% by weight of poly- 
mers with a t act ide/glycol ide ratio of 70/30, and of 
50% by weight of 17 B-estradiol. 

Implant II 

The implant was composed of 9 shaped pieces in the 
form of cylindrical tablets. Compared with implant I, 
implant II contained an additional 4 shaped pieces 
containing no active compound (type C> of the same 
dimensions as the tablets A or B. The tablets C were 
inserted between the tablets A and B containing active 
compound in the following sequence: A-C-B-C-B-C-B-C-A. 

The tablets C were composed of 60% by weight of co- 
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polymers with a 70/30 I act ide/gLycol ide ratio and of 
40% by weight of magnesium carbonate. 

In vivo experiment 

The rate of release of 17 f}-e$tradiol from the implants 
I and II described above was determined by determining 
the blood plasma level before, during and after implan- 
tation to castrated male cattle. In addition, the 
effect on the weight gain was examined by determination 
of the body weight of the animals before, during and 
after the implantation. 



Material and methods 

13 bullocks were divided 
of 5 animals each (group 
3 animals (group III). 



into 3 groups: two groups 
I and II) and one group of 



Group I (mean weight 145.2 kg) 

received implant I 
Group II (mean weight 144.8 kg) 

received implant II 
Group III (mean weight 141.3 kg) 

received no implant = control 



The implantation was carried out using a commercially 
available applicator. The implant was inserted in the 
dorsal side of the external ear of the animals. 



42 days after the implantation, the implants were re- 
moved from two animals from Group I and II, and the 
estradiol content remaining in the implant was deter- 
mined by HPLC analysis. 84 days after the implantation, 
the implants were removed from the remaining 3 animals 
in each group I and II, and were analyzed. 

At defined times before, during and after the implan- 
tation blood samples were taken from the tested animals 
in order to establish the plasma Level of estradiol. 
The estradiol content was determined by a radioimmuno- 
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L og i cal method. 



In addition, the experimental animaLs were weighed at 
intervals of 2 weeks after the implantation in order 
5 to determine the weight gain. 



A defined amount of feed was measured out for each 
animal at each feeding during the experiment, and the 
intake was monitored. 

10 

Res ul ts 

The amount of estradiol released for implants I and II 
after 42 and 84 days is shown in Table 1. The plasma 
level of estradiol is shown in Table 2. The weight 
15 gain of the animals is evident from Table 3. 

It is clearly evident from the results in Tables 1 to 
3 that implants I and II ensure a proportionate release 
of estradiol over a period of at least 12 weeks, and 
20 the weight gain is higher than for the controls. 
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Table 2 

Estradiol ptasma Levels 





Days 


Group I 


b roup I x 


u roup III 






(pg/ml ) 


(pg/ml) 


(per/ml) 






(n = 5) 


(n - 5) 


(n = 3) 




-5 




11.7 


15.8 




-4 


14.9 


16.5 


21.0 


Imp I ant 


0 


21.0 


31.0 


32.3 


administration 1 

♦ 


92.6 


83,5 


16,0 




2 


36.0 


42.6 


20.7 




7 


69.5 


50.8 


20.1 




14 


36.6 


62.6 


21.1 






44.8 


35.0 


13.4 




29 


21.5 


25.0 


23.0 




35 


22.5 


12,9 


10.4 




42 


19.5 
(n m 3) 


30.9 
(n = 3) 


23.0 




49 


25.4 


32,2 


22.3 




56 


24,0 


21.0 






63 


38,0 


58.3 


27.7 




70 


53.7 


46.0 


18.3 




77 


68,7 


58.3 


25.3 


Implant 


84 


160*0 


125.0 


26.3 


remova I 


65 


180.0 


130.0 






66 


110.0 


93.3 






90 


69.0 


30.0 


31.3 



The values relate to pg/ml of plasma and are mean 
values (X) 

n = number of animals 
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a 

SL Control 

15-. ■ 

CO 
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0) 
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CM 
—* 

c 

CO 
CL 

T> 
C 
JU 

C5 

0) . 

N 

$ 
0) 



Change 


in weight (kg) 


after 


the implantation 




Group 


0 — 2 


0 — 4 


0^-6 


0—8 


0 — 10 


0 — 12 week 


I 


21.4 


44.2 


62.3 


80.0 


99.3 


113.3 


II 


21.4 


45.0 


57.6 


69.9 


85.6 


105.6 


III 


18.3 


35.0 


43.3 


59.0 


70.3 


81.3 
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WHAT WE CLAIM IS: 

A multi-component Long-acting implant which contains at 
least two shaped pieces containing active compound, 
wherein these shaped pieces contain biologically degrad- 
able copolymers of lactic acid and glycolic acid with a 
ratio by weight of lactide to glycolide of 90:10 to 60:40, 
and wherein there are at least two/types of shaped pieces, 
A and B, type A containing copolymers with a content of 
lactide which is 5 to 15% by weight lower than in type B 

An implant as claimed in claim 1, which contains up to 
20 shaped pieces. 

An implant as claimed in either of claims 1 or 2, which 
contains an odd number of shaped pieces. 

An implant as claimed in any of claims 1 to 3, wherein 
the shaped pieces are arranged in the form of a chain. 

An implant as claimed in claim 4, wherein a shaped piece 
of type A is located at both ends of the chain. 

An implant as claimed in any of claims 1 to 5, which 
additionally has shaped pieces which contain no active 
compound and contain copolymers of lactic acid and gly- 
colic acid as claimed in claim 1. 

An implant as claimed in claim 6, wherein the shaped 
pieces are arranged in alternating sequence. 

An implant as claimed in any of claims 1 to 7, wherein 
the active compound content in the shaped pieces A and B 
varies between 20 and 80% by weight. 



An implant as claimed in any of claims 1 to 
the active compound content in shaped piece 
by weight lower than in shaped piece B. 



8, wherein 

A is 5 to 15% 
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~ 10. An implant as claimed in any of claims 1 to 9, which con 

tains an active compound for human or, veterinary medical 
purposes . 

11. An implant as claimed in any of claims 1 to 10, which 
contains as active compound a natural or synthetic hor- 
mone for animals. 

12. An implant according to claim 1 substantially as herein 
described or exemplified. 
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